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@ In a base station having a plurality of antennas 
(101, 201), each of comparison circuits (301, 401) 
operates to compare correlation levels, which are 
obtained by subjecting received signals to despread 
every channel, with each other with respect to the 
antennas every channel. Each of transmission an- 
tenna selecting circuits (305, 405) operates to deter- 
mine from which antenna the transmission signal is 
to be transmitted every channel in transmission. 
Each of multiplexing circuits (106, 206) operates to 
multiplex the transmission signals of the individual 
channels, which are obtained by the spread, every 
antenna. As a result, on the basis of the result of 
comparing the correlation levels with respect to the 
first and second antennas (101. 201), the transmis- 
sion antenna is selected every channel, and the 
signals to be transmitted of the channels are mul- 
tiplexed every antenna to transmit the resultant sig- 



nal, whereby the base station transmission diversity 
is realized. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a mobile lele- 
connmunication systenn which is adapted to secure 
a communication line for a mobile unit moving in a 
wide area by utilizing the wireless and more par- 
ticularly to a mobile telecommunication system 
which is adapted to perform the communication by 
utilizing a CDMA/TDD system adopting the direct 
sequence spread spectrum (DS-SS) system. 

Description of the Related Art 

A line access system in which the communica- 
tion is established among a plurality of stations in 
the same frequency band is called a multiple ac- 
cess system. A CDMA (Code Division Multiple Ac- 
cess) is the technology in which the multiple ac- 
cess is performed on the basis of the spread 
spectrum communication in which an information 
signal is transmitted with the spectrum thereof 
spread into the sufficiently wider band than the 
band width of the information signal of the unit. A 
DS-SS system is a system wherein in the spread, 
the information signal is directly multiplied by the 
spreading code. A TDD (Time Division Duplex) 
means a system wherein the transmis- 
sion/reception of the signal is performed in the 
same band and is also called a ping pong system, 
i.e., it means the system wherein the communica- 
tion is performed with the same radio frequency 
subjected to the time division in the transmis- 
sion/reception. As for the advantages of the TDD 
system, as shown in a paper of "Micro/Pico Cel- 
lular Telecommunication and Network Architecture" 
(N. Nakajima: the 6-th Karuizawa Workshop on 
Circuits and Systems (April 19 to 20. 1993) pp.121 
to 126). it is well known that since the transmission 
diversity can be applied to the base station, the 
space diversity becomes unnecessary in the mo- 
bile radio telephone, and as a result, the miniatur- 
ization can be realized. 

The received radio wave via the mobile propa- 
gation path is subjected to the fluctuation called the 
fading. This becomes the degradation factor of the 
transmission system. In order to realize the high 
quality communication, as for the technology for 
reducing the influence of the above-mentioned fad- 
ing, the diversity reception utilizing two or more 
received radio waves is well known. The space 
diversity is one of the above-mentioned diversity 
technologies in which by using the sufficiently 
spaced apart two or more receiving antennas, a 
plurality of fading received radio waves are ob- 
tained which change independently of one another. 
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On the other hand, the transmission diversity 
means the technology wherein from the received 
radio waves received by the space diversity, the 
conditions of the path from the mobile station to 
5 the respective antennas of the base station are 
estimated, and the transmission is performed in 
turn from the antenna having the better transmis- 
sion line state. In the case of the TDD system, 
since the system of interset is the system wherein 
10 the transmission/reception is performed in the 
same band, the frequency correlation of the fading 
fluctuation of the transmitted radio wave is the 
same as that of the received radio wave. Therefore, 
if the interval of time required for the transmitted 
75 radio wave and the received radio wave to be 
switched to each other is sufficiently short, since 
the mutual time correlation of the fading fluctuation 
is high, by the application of the above-mentioned 
transmission diversity, the reduction of the influ- 
20 ence by the fading fluctuation of the transmitted 
radio wave can be relatively readily promoted. As a 
result, for the individual channels, the high line 
quality can be realized. 

Heretofore, the application of the transmission 
25 diversity in the base station adopting the TDD 
system has been considered in a TDMA/TDD sys- 
tem employing the TDMA system. The TDMA 
(Time Division Multiple Access) is the system 
wherein the radio frequency is subjected to the 
30 time division, and the specific time slot is assigned 
to a user, and in the time slot thus assigned, the 
communication is performed. 

The TDMA/TDD system is employed in a PHS 
(Personal Handy phone System) as the Japanese 
35 next generation digital codeless telephone system 
as well as in a DECT system which is in develop- 
ment in Europe. Fig. 1 shows an example in which 
in the PHS. a base station BS is provided with two 
transmission/reception antennas A and B, and the 
40 communication is established between the base 
station BS and four mobile terminals PSI to PS4. 
The PHS has the frame structure as shown in Fig. 
2 for example. In this connection, with 5 msec 
(transmission 2.5 msec/reception 2.5 msec) as one 
45 frame, four channels are subjected to the time 
division multiplexing. Each subframe, in the figure, 
for accommodating a signal of the associated chan- 
nel is called a time slot, and each shadowed por- 
tion represents gard time which is provided in 
50 order to prevent the transmitted signal and the 
received signal from being collided with each other 
due to the lag between the transmission timing and 
the receiving timing. 

In addition, Fig. 3 is a view showing an exam- 
65 pie in which the situation, in which the base station 
BS having the two antennas A and B as shown In 
Fig. 1 switches the transmission antenna every 
channel in accordance with the levels of the re- 
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ceived signals, is shown by using the transmis- 
sion/reception frame and the tinne slot. In Fig. 3, 
reference synnbol TX represents transmission and 
reference symbol RX represents reception. Then, it 
is assumed that the four mobile terminals PS1 to 
PS4 perform the respective communication using 
the channels 1 to 4. In the case where at time tO, 
the levels of the received signals in the individual 
channels (the averages or the like of the reception 
levels between the time slots) have the relationship, 
as shown in the figure, with respect to the two 
antennas A and B (the relation of A>B represents 
that the reception level of the antenna A is higher 
than that of the antenna B), when at next time t1 , 
the transmission is performed, the antenna having 
the higher reception level is selected to transmit 
the signal. In the figure, the reference symbol of 
the selected antenna is shown. At time t1, it is 
shown that each of the channels 1 and 3 selects 
the antenna A, and each of the channels 2 and 4 
selects the antenna B. In the figure, the time slot 
for transmission is represented by the shadowed 
portion. In addition, the portion having no slash 
represents the time slot in which no transmission is 
performed. Similarly, at time t3, on the basis of the 
results (received power) at time t2, the antenna for 
transmission is selected every channel. In such a 
way, the above-mentioned transmission diversity 
can be realized. 

As, compared with such a TDM A system, the 
CDMA system is considered as the system 
wherein in the cellular system, the higher frequen- 
cy utilization efficiency than that in the TDMA sys- 
tem can be realized, and hence a larger number of 
users can be accommodated. Therefore, it is con- 
sidered that in the future, the CDMA system will be 
applied to the large number of cellular systems. In 
addition, the TDD system is the system wherein 
the transmission/reception is performed in the 
same frequency band on the basis of the time 
division, whereas as another communication sys- 
tem, there is well known an FDD (Frequency Di- 
vision Duplex) system in which the two frequency 
bands, which are sufficiently apart from each other, 
are respectively assigned to the transmission and 
the reception. Heretofore, in the CDMA system, the 
CDMA/FDD system employing the FDD system 
has been mainly developed. 

However, in the conventional communication 
apparatus adopting the CDMA'FDD system, there 
arise the following problems. 

(1) Since the correlation between the fading of 
the forward link and that of the reverse link is 
small, the space diversity in the base station can 
be applied to only the reverse link. 

(2) In the case where the received power is 
reduced due to the frequency selective fading, 
the communication quality is degraded and 



76 



hence it is difficult to perform the high quality 
communication. 

(3) In the case where the communication capac- 
ity is largely increased, since the interference of 
the communication radio waves of other stations 
with the communication radio wave of the local 
station becomes large, the communication qual- 
ity is degraded, and hence it is difficult to per- 
form the high quality communication. 

(4) In the case where the communication capac- 
ity is greatly increased, the specification be- 
comes severe which is required for the quadra- 
ture modulator and the linear amplifier of the 
base station. 

SUMMARY OF THE INVENTION 



The present invention was made in order to 
solve the above-mentioned problems associated 

20 with the prior art. and it is therefore an object of the 
present invention to provide a mobile telecommuni- 
cation system which is capable of applying the 
space diversity to the forward link as well, and of 
stabilizing the received power, and of greatly re- 

25 ducing the interference of the communication radio 
waves of other stations with the communication 
radio wave of the local station, and of reducing the 
specification required for the modulator, the am- 
plifier and the like. 

30 In order to attain the above-mentioned object, 

according to the present invention, in a mobile 
telecommunication system, a base station includes: 
a plurality of antennas: means provided in each of 
the antennas for subjecting a received signal on a 

35 reverse link (transmission from a mobile terminal to 
the base station) to despread every channel; 
means for comparing correlation levels, which are 
obtained by the despread, with each other among 
the antennas every channels; means for selecting 

40 an antenna, from which a transmission signal is to 
be transmitted, every channel in transmission; and 
means for multiplexing the transmission signals of 
the individual channels, which are obtained by 
spread, every antenna. 

45 Therefore, according to the present invention, 

in the reverse link, the antenna by which the elec- 
tric field having the good level is received is se- 
lected to switch any other antenna thereto to per- 
form the reception, whereby it is possible to main- 

50 tain always the communication line in the good 
state. In addition, by increasing the number of 
antennas, even the request for the high commu- 
nication quality can be satisfied. Further, since the 
correlation of the transmission path of the reverse 

55 link and that of the forward link is high, in the 
forward link as well, the same effects can be ob- 
tained. 
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In addition, since the transnnission line states 
are different among the mobile stations, the trans- 
mission/reception antenna is selected every line 
leading to the associated mobile station, whereby 
the interference due to the communication radio 
waves of other mobile stations is relatively re- 
duced. As a result, since the communication quality 
is improved, and also the transmission power can 
be reduced, the mobile station can be miniaturized 
and lightened. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a schematic view showing an example 
of an arrangement of a base station and mobile 
terminal in a cellular radio communication sys- 
tems; 

Fig. 2 is a schematic view showing frame struc- 
ture of a PHS: 

Fig. 3 is a schematic view showing an example 
of the base station transmission diversity in the 
conventional TDMA/TDD system; 
Fig. 4 is a block diagram showing a configura- 
tion of a main portion of a base station of a 
mobile telecommunication system according to 
a first embodiment of the present invention; 
Fig. 5 is a schematic view showing an example 
of the base station transmission diversity of the 
mobile unit communication system in the first 
embodiment; 

Fig. 6 is a block diagram showing a configura- 
tion of a main portion of a base station of a 
mobile telecommunication system according to 
a second embodiment of the present invention; 
Fig. 7 is a schematic view showing an example 
of the base station transmission diversity of the 
mobile telecommunication system in the second 
embodiment; 

Fig. 8 is a schematic view showing an arrange- 
ment of antennas of a base station of a mobile 
telecommunication system according to a third 
embodiment of the present invention; 
Fig. 9 is a schematic view showing an arrange- 
ment of antennas of a base station of a mobile 
telecommunication system according to a fourth 
embodiment of the present invention; 
Fig. 10 is a schematic view showing an arrange- 
ment of antennas of a base station of a mobile 
telecommunication system according to a fifth 
embodiment of the present invention; 
Fig. 1 1 is a schematic view showing an arrange- 
ment of antennas of a base station of a mobile 
telecommunication system according to a sixth 
embodiment of the present invention; 
Fig. 12 is a flow chart showing an algorithm for 
controlling a comparison circuit in the sixth em- 
bodiment; 



Fig. 13 is a schematic view showing an example 
of the base station transmission diversity of a 
mobile telecommunication system according to 
a seventh embodiment of the present invention; 
6 Fig. 14 is a flow chart showing an algorithm for 

controlling a comparison circuit in the seventh 
embodiment; 

Fig. 15 is a schematic view showing an example 
of the base station transmission diversity of a 
70 mobile telecommunication system according to 
an eighth embodiment of the present invention; 
and 

Fig. 16 is a flow chart showing an algorithm for 
controlling a comparison circuit in the eighth 
76 embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

20 (First Embodiment) 

Rg. 4 shows a configuration of a base station 
of a mobile telecommunication system according to 
a first embodiment of the present invention, i.e.. 

25 shows an example in which the base station has 
two antennas and two channels a and b. In Fig. 4, 
reference numeral 101 designates a first antenna 
(an antenna A), reference numeral 201 designates 
a second antenna (an antenna B), reference nu- 

30 meral 102 designates a first transmission/reception 
switching switch for the first antenna 101, reference 
numeral 202 designates a second transmis- 
sion/reception switching switch for the second an- 
tenna 201. reference numeral 103 designates a first 

35 radio receiving unit for the first antenna 101, and 
reference numeral 203 designates a second radio 
receiving unit for the second antenna 201. Refer- 
ence numeral 105 designates a first despreading 
circuit for the first antenna 101, and reference 

40 numeral 205 designates a second despreading cir- 
cuit for the second antenna 201 . Each of the first 
and second despreading circuits 105 and 205 op- 
erates to subject a received data to the despread 
using both spreading codes a and jS. Reference 

45 numeral 301 designates a first comparison circuit 
which operates to compare correlation levels (pow- 
er levels of received signals), which have been 
obtained by the despread in the first and second 
despreading circuits 105 and 205 using the spread- 

50 ing code a, with each other with respect to a first 
channel a, and reference numeral 401 designates a 
second comparison circuit which operates to com- 
pare correlation levels, which have been obtained 
by the despread In the first and second despread- 

55 ing circuits 105 and 205 using the spreading code 
;3, with each other with respect to a second chan- 
nel b. Reference numeral 302 designates a first 
composition circuit which operates to compose the 



BNSDOCID: <EP 0668668A1_I_> 



•1 



EP 0 668 668 A1 



received signals, which have been subjected to the 
despread in the first and second despreading cir- 
cuits 105 and 205 using the spreading code a, with 
respect to the first channel a, and reference nu- 
meral 402 designates a second composition circuit 
which operates to compose the received signals, 
which have been subjected to the despread in the 
first and second despreading circuits 105 and 205 
using the spreading code j9, with respect to the 
second channel b. Reference numeral 303 des- 
ignates a first decode circuit for the first channel a 
which operates to decode the composite signal 
which has been obtained by the composition in the 
first composition circuit 302, and reference numeral 
403 designates a second decode circuit for the 
second channel b which operates to decode the 
composite signal which has been obtained by the 
composition in the second composition circuit 402. 

Reference numeral 304 designates a first 
spreading circuit which operates to spread a trans- 
mission data of the first channel a using the spread 
code a, reference numeral 404 designates a sec- 
ond spreading circuit which operates to spread a 
transmission data of the second channel b using 
the spreading code )3, reference numeral 305 des- 
ignates a first transmission antenna selecting circuit 
for the first channel a which operates to select from 
which antenna the transmission signal, which has 
been spread in the first spreading circuit 304, is to 
be transmitted, and reference numeral 405 des- 
ignates a second transmission antenna selecting 
circuit; for the second channel b which operates to 
select from which antenna the transmission signal, 
which has been spread in the second spreading 
circuit 404, is to be transmitted. Reference numeral 
106 designates a first multiplexing circuit which 
operates to multiplex the spread transmission sig- 
nals with respect to the first antenna 101, reference 
numeral 206 designates a second multiplexing cir- 
cuit which operates to multiplex the spread trans- 
mission signals with respect to the second antenna 
201, and reference numeral 104 designates a first 
radio transmission unit for the first antenna 101 
which has a first quadrature modulator 107 and a 
first linear amplifier 108. Reference numeral 204 
designates a second radio transmission unit for the 
second antenna 201 which has a second quadra- 
ture modulator 207 and a second linear amplifier 
208. In addition, reference numeral 501 designates 
a transmission/reception switching timing signal 
which is used to operate the first and second 
transmission/reception switching switches 102 and 
202. 

Next, the description will hereinbelow be given 
with respect to the operation of the above-men- 
tioned first embodiment- 

The received signals which have been received 
by the first and second antennas 101 and 201, 



respectively, are subjected to the first order de- 
modulation in the first and second radio receiving 
units 103 and 203 through the first and second 
transmission/reception switching switches 102 and 

5 202, respectively. Then, after the down-conversion 
and the detection, the correlation of the first chan- 
nel a and that of the second channel b are de- 
tected by each of the first and second despreading 
circuits 105 and 205. With respect to the correta- 

10 tion detection results which have been obtained 
from the two antennas 101 and 201 independently 
of each other, the frame mean powers of the cor- 
relation levels (the power levels of the received 
signals) are calculated every channel in each of the 

76 first and second comparison circuits 301 and, 401. 
On the basis of those results, the transmission line 
states (the transfer functions of the transmission 
lines) of the first and second antennas 101 and 201 
are obtained, and then it is determined from which 

20 of the first and second antennas 101 and 201 the 
signal of each channel is to be transmitted at the 
next transmission timing, and then, first and second 
transmission antenna selection signals 306 and 406 
are respectively output. The received signals which 

25 have been passed through the first and second 
comparison circuits 301 and 401. respectively, are 
composed by the first and second composition 
circuits 302 and 402 to be decoded in the first and 
second decode circuits 303 and 403, thereby ob- 

30 taining the reception data of the individual chan- 
nels. 

On the other hand, the transmission data of the 
first channel a and the transmission data of the 
second channel b (the signals after the digital mod- 

35 ulation) are respectively subjected to the band 
spread in the first and second spreading circuits 
304 and 404 using the spreading codes a and ^, 
which are assigned to the respective channels, and 
then are multiplexed every transmission antenna in 

40 the first and second multiplexing circuits 106 and 
206 through the first and second transmission an- 
tenna selecting circuits 305 and 405 which have 
been switched by the first and second transmission 
antenna selection signals 306 and 406. The mul- 

45 tiplexed signals are respectively up-converted in 
the first and second radio transmission units 104 
and 204. and then are respectively transmitted 
outwardly from the first and second antennas 101 
and 201 through the first and second transmis- 

50 sion/reception switching switches 102 and 202 
which are switched by the transmission/reception 
switching timing signal 501. 

Fig. 5 shows an example in which the situation, 
in which in the CDMA/TDD system of the present 

55 embodiment, the base station including the two 
antennas A and B switches the transmission an- 
tenna every channel in accordance with the levels 
of the received signals, is shown by using the 
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transmission/reception frame. In addition, Fig. 5 
shows the example in the case where four chan- 
nels are provided. Similarly to the TDMA/TDD sys- 
tem shown in Fig. 3, reference symbol TX repre- 
sents transmission, and reference symbol RX re- 
presents reception, and it is assumed that the 
mobile terminals PS1 to PS4 (referring to Fig. 1) 
perform the respective communication using chan- 
nels 1 to 4. In the case where at time tO, the levels 
of the received signals of the individual channels 
(the averages or the like of the levels of the re- 
ceived signals for one frame) have the relationship, 
as shown in the figure, with respect to the antennas 
A and B, it is assumed that when the transmission 
is performed at next time t1, the antenna having 
the higher reception level is selected to perform 
the transmission. In the figure, reference symbol of 
the selected antenna is shown. Then, it is shown 
that at time t1, each of the channels 1 and 3 
selects the antenna A and each of the antennas 2 
and 4 selects the antenna B, and after the signal of 
the channel 1 and the signal of the channel 3 have 
been multiplexed, the resultant signal is transmitted 
outwardly from the antenna A. and also after the 
signal of the channel 2 and the signal of the 
channel 4 have been multiplexed, the resultant 
signal is transmitted outwardly from the antenna B. 
At time t3 and time t5 as well, on the basis of the 
reception levels at time t2 and time t4, the antenna 
is selected every channel to perform the multiplex- 
ing every antenna to transmit the resultant signals. 

As a result, there is provided the effect that 
under the environment of the fading which changes 
depending on the frequency band and varies in 
terms of time, the power levels of the received 
signals of the reverse link and the forward link can 
be stabilized, and the high quality communication 
can be realized. 

(Second Embodiment) 

Fig. 6 shows a configuration of a base station 
of a mobile telecommunication system according to 
a second embodiment of the present invention, and 
also shows an example in which the base station 
has two antennas and two channels a and b. In Fig. 
6, reference numeral 101 designates a first antenna 
(an antenna A), reference numeral 201 designates 
a second antenna (an antenna B), reference nu- 
meral 102 designates a first transmission/reception 
switching switch for the first antenna 101, reference 
numeral 202 designates a second transmis- 
sion/reception switching switch for the second an- 
tenna 201, reference numeral 103 designates a first 
radio receiving unit for the first antenna 101, and 
reference numeral 203 designates a second radio 
receiving unit for the second antenna 201. Refer- 
ence numeral 105 designates a first despreading 
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circuit for the first antenna 101, and reference 
numeral 205 designates a second despreading cir- 
cuit for the second antenna 201. In this connection, 
each of the first and second despreading circuits 
5 105 and 205 operates to subject a received data to 
the despread using spreading codes a and i3. 
Reference numeral 307 designates a first estima- 
tion circuit which operates to estimate future values 
from past values of the correlation levels (the pow- 

70 er levels of received signals), of the first channel a, 
which have been obtained by the despread in the 
first and second despreading circuits 105 and 205 
using the spreading code ct, and reference numeral 
407 designates a second estimation circuit which 

75 operates to estimate future values from past values 
of the correlation levels, of the second channel b, 
which have been obtained by the despread in the 
first and second despreading circuits 105 and 205 
using the spreading code jS. Reference numeral 

20 301 designates a first comparison circuit for the 
first channel a which operates to compare the 
estimated values of the correlation levels, which 
have been obtained from the first estimation circuit 
307, between the first and second antennas 101 

25 and 201, reference numeral 401 designates a sec- 
ond comparison circuit for the second channel b 
which operates to compare the estimated values of 
the correlation levels, which have been obtained 
from the second estimation circuit 407, between 

30 the first and second antenna 101 and 201, refer- 
ence numeral 302 designates a first composition 
circuit which operates to compose the received 
signals of the first channel a which have been 
obtained by the despread in the first and second 

35 despreading circuits 105 and 205 using the spread- 
ing code a, reference numeral 402 designates a 
second composition circuit which operates to com- 
pose the received signals of the second channel b 
which have been obtained by the despread in the 

40 first and second despreading circuits 105 and 205 
using the spreading code 0, reference numeral 303 
designates a first decode circuit for the first chan- 
nel a which operates to decode the composite 
signal which has been obtained by composing the 

45 received signals in the first composition circuit 302, 
and reference numeral 403 designates a second 
decode circuit for the channel b which operates to 
decode the composite signal which has been ob- 
tained by composing the received signals in the 

50 second composition circuit 402. 

Reference numeral 304 designates a first 
spreading circuit which operates to spread a trans- 
mission data of the first channel a using the 
spreading code a, reference numeral 404 desig- 

55 nates a second spreading circuit which operates to 
spread a transmission data of the second channel 
b using the spreading code /3, reference numeral 
305 designates a first transmission antenna select- 

6 
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ing circuit for the first channel a which operates to 
determine fronn which antenna the transmission 
signal, which has been obtained by the spread in 
the first spreading circuit 304, Is to be transmitted, 
and reference numeral 405 designates a second 5 
transmission antenna selecting circuit for the sec- 
ond channel b which operates to determine from 
which-' antenna the transmission signal, which has 
been obtained by the spread in the second spread- 
ing circuit 404, is to be transmitted. Reference io 
numeral 106 designates a first multiplexing circuit 
which operates to multiplex the spread transmis- 
sion signals with respect to the first antenna 101, 
reference numeral 206 designates a second mul- 
tiplexing circuit which operates to multiplex the 75 
spread transmission signals with respect to the 
second antenna 201, and reference numeral 104 
designates a first radio transmission unit for the 
first antenna 101 which has a first quadrature 
modulator 107 and a first linear amplifier 108. Ref- 20 
erence numeral 204 designates a second radio 
transmission unit for the second antenna 201 which 
has a second quadrature modulator 207 and a 
second linear amplifier 208. In addition, reference 
numeral 501 designates a transmission/reception 25 
switching timing signal which Is used to operate the 
first and second transmission/reception switching 
switches 102 and 203. 

Next, the description will hereinbelow be given 
with respect to the operation of the above-men- 
tioned. second embodiment. 

The received signals which have been received 
by the first and second antennas 101 and 201, 
respectively, are subjected to the first order de- 
modulation in the first and second radio receiving 
units 103 and 203 through the first and second 
transmission/reception switching switches 102 and 
202. Then, after the down-conversion and the de- 
tection, the correlations of the first and second 
channels a and b are detected by each of the first 40 
and second despreading circuits 105 and 205. With 
respect to the correlation detection results which 
have been obtained from the two antennas 101 and 
201 independently of each other, the franhe mean 
powers of the correlation levels (the power levels of 45 
the received signals) are calculated every channel 
in the first and second estimation circuits 307 and 
407. On the basis of those results, the transmission 
line states (the transfer functions of the transmis- 
sion lines) of the first and second antennas 101 so 
and 201 are obtained to estimate the future values 
from the past values, and the estimated future 
values are compared with each other by each of 
the first and second comparison circuits 301 and 
401, and then it is determined from which of the 55 
first and second antennas 101 and 201 the signal 
of each channel is to be transmitted outwardly at 
the next transmission timing, and then first and 



30 



35 



second transmission antenna selection signals 306 
and 406 are respectively output. The received sig- 
nals which have been passed through the first and 
second comparison circuits 301 and 401, respec- 
tively, are composed in the first and second com- 
position circuits 302 and 402 to be decoded in the 
first and second decode circuits 303 and 403 of the 
respective channels, thereby obtaining the recep- 
tion data of the individual channels. 

On the other hand, the transmission data of the 
first channel a and the transmission data of the 
second channel b (the signals after the digital mod- 
ulation) are respectively subjected to the band 
spread in the first and second spreading circuits 
304 and 404 using the spreading codes a and 
which are assigned to the respective channels, and 
then are multiplexed every transmission antenna in 
the first and second multiplexing circuits 106 and 
206 through the first and second transmission an- 
tenna selecting circuits 305 and 405 which are 
switched to each other by the first and second 
transmission antenna selection signals 306 and 
406. The multiplexed signals are respectively up- 
converted in the first and second radio transmis- 
sion units 104 and 204, and then are respectively 
transmitted outwardly from the first and second 
antennas 101 and 201 through the first and second 
transmission/reception switching switches 102 and 
202 which are switched to each other by the trans- 
mission/reception switching timing signal 501. 

Fig. 7 shows an example in which the situation, 
in which in the CDMA/TDD system of the present 
embodiment, the base station including the two 
antennas A and B switches the transmission an- 
tenna every channel in accordance with the levels 
of the received signals, is shown by using the 
transmission/reception frame. In addition. Fig. 7 
shows the example in the case where four chan- 
nels are provided. Similarly to Fig. 5, reference 
symbol TX represents transmission, and reference 
symbol RX represents reception, and it is assumed 
that the mobile terminals PSI to PS4 (referring to 
Fig. 1) perform the respective communication using 
the channels 1 to 4. In the case where at time tO, 
the levels of the received signals of the individual 
channels (the averages or the like of the levels of 
the received signals for one frame) have the rela- 
tionship, as shown in Fig. 7, with respect to the 
antennas A and B, and are estimated, at time t1 , as 
shown in Fig. 7, it is assumed that when at next 
time tl, the transmission is performed, the antenna 
having the higher estimated value of the reception 
level is selected to perform the transmission. In the 
figure, reference symbol of the selected antenna is 
shown. Then, it is shown that at time tl, each of 
the channels 1 and 3 selects the antenna A and 
each of the channels 2 and 4 selects the antenna 
B, and after the signal of the channel 1 and the 
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signal of the channel 3 have been multiplexed, the 
resultant signal is transmitted outwardly from the 
antenna A, and also after the signal of the channel 
2 and the signal of the channel 4 have been 
multiplexed, the resultant signal is transmitted out- 
wardly from the antennas B. At time t3 as well, on 
the basis of the reception levels at time t2 and 
those at time prior thereto, the transmission line 
states at time t3 are estimated, and the transmis- 
sion antenna is selected every channel to perform 
the multiplexing every antenna, and then the mul- 
tiplexed signals are transmitted outwardly from the 
associated antennas. At time t5 as well, similarly, 
the above-mentioned processings will be executed. 

As a result, there is provided the effect that 
under the environnnent of the fading which changes 
depending on the frequency band and varies in 
terms of time, the states of the transmission lines 
can be estimated, and the power levels of the 
received signals of the reverse link and the forward 
link can be stabilized, and the high quality commu- 
nication can be realized, 

(Third Embodiment) 

A configuration of a base station of a mobile 
telecommunication system according to the 
present embodiment is the same as that in the 
second embodiment. Fig. 8 shows an example of 
an antenna arrangement of the base station of the 
mobile telecommunication system in the present 
embodiment, and also shows an example in the 
case where three antennas A, B and C are pro- 
vided. With respect to the antennas A, B and C, 
any two antennas are enough separated to obtain 
the independent fading transmission lines and is 
concentrically arranged in the central portion of the 
cover area of the base station. 

In the mobile telecommunication, the fluctu- 
ations in the power level of the received signal are 
roughly due to the following three factors. 

(1) Change caused by distance: Fluctuations in 
the reception level due to the change in the 
communication distance caused by the move- 
ment of the mobile station. 

(2) Change in central value: Fluctuations in the 
reception level due to the change in the environ- 
ment such as buildings. 

(3) Instantaneous change: Fluctuations in the 
reception level due to the frequency selective 
fading. 

In the case where the three antennas are ar- 
ranged in a manner as shown in Fig. 8, distances 
La, Lb and Lc between the mobile station and the 
three antennas A, B and C are not largely different 
from one another. In addition, since there is not a 
large difference even in the environment such as 
the communication lines, and hence the instanta- 



neous change becomes the predominant factor in 
the fluctuations in the reception level, for the long 
term average, there is no difference In the recep- 
tion levels among the antennas. Therefore, even if 

5 the reception level of the antenna A is instanta- 
neously dropped, the possibility is high that the 
higher reception level is obtained in the antenna B 
or C, and thus in the antenna of interest, the good 
reception may be obtained. This is also applied to 

10 the case where the reception level of the antenna B 
or C is dropped. Thus, the possibility is small that 
the reception levels of all of the three antennas are 
dropped. Therefore, if the antenna having the high- 
er reception level is selected to perform the trans- 

76 mission/reception, the communication at the high 
reception level can be always performed. In addi- 
tion, by increasing the number of antennas, the 
possibility is more and more reduced that the re- 
ception levels of all of the antennas are dropped. 

20 and thus the fluctuation in the reception level after 
selection of the antenna becomes small. 

The effect that the communication quality is 
improved by stabilizing the transmission/reception 
level is remarkable on the reception side (in the 

25 reverse link in the base station). That is, there is 
provided the effect that the high quality commu- 
nication in which the bit error rate is low in the 
reverse link becomes possible. 

30 (Fourth Embodiment) 

A configuration of a base station of a mobile 
telecommunication system according to the 
present embodiment is the same as that in the 

35 second embodiment. Fig. 9 shows an example of 
an antenna arrangement of the base station of the 
mobile telecommunication system in the present 
embodiment, and also shows an example in which 
three antennas A, B and C are arranged. The three 

40 antennas A, B and C are distributively arranged in 
a plurality of locations within the cover area of the 
base station. With respect to the three antennas A, 
B and C, any two antennas are enough separated 
to obtain the independent fading transmission lines. 

45 In the case where the three antennas A, B and 

C are arranged in a manner as shown in Fig. 9, 
since the distances La. Lb and Lc between the 
mobile station and the three antennas A, B and C 
are greatly different from one another, the change 

50 caused by distance becomes the predominant fac- 
tor in the fluctuations in the reception level. As a 
result, in accordance with the position of the mobile 
station, the antennas by which the signals of the 
channels are to be transmitted/received are sub- 

55 stantially determined. In this case, since the com- 
munication radio waves of other stations, which are 
transmitted/received by the associated antennas, 
are greatly attenuated as the distances further in- 
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crease, as compared with the communication radio 
wave ot the local station, it is difficult for those 
communication radio waves of other stations to 
interfere with Ihe communication radio wave of the 
local station. Thai is, the communication radio 
waves of other stations which are transmit- 
ted/received by the same antenna is the predomi- 
nant >factor in the interference. In such a way, if a 
plurality of antennas are widely distributively ar- 
ranged within the cover area of the base station, 
from the randomicity of the positions of the mobile 
stations, the number of mobile stations for which 
the transmission/reception by the individual anten- 
nas is predominant becomes equal to one another 
in terms of probabilities. That is, as compared with 
the case where the number of antennas is one, in 
the case where the number of antennas is three, 
the number of mobile stations for which the trans- 
mission/reception by the same antenna is predomi- 
nant is reduced to 1/3, and the number of commu- 
nication radio waves of other stations other than the 
local station, which cause the interference, is ap- 
proximately reduced to 1/3. Thus, the interference 
is greatly reduced. 

The effect that the communication quality is 
improved by reducing the interference is remark- 
able on the transmission side (in the forward link in 
the base station). That Is, there is provided the 
effect that the high quality communication In which 
the bit error rate is low in the forward link becomes 
possible. 

(Fifth- Embodiment) 

A configuration of a base station of a mobile 
telecommunication system according to the 
present embodiment Is the same as that in the 
second embodiment. Fig. 10 shows an example of 
an antenna arrangement of the base station of the 
mobile telecommunication system in the present 
embodiment, and also shows an example in the 
case where ten antennas are arranged. The ten 
antennas are divided into four antenna groups a, b, 
c and d. The antenna group a has the three anten- 
nas, the antenna group b has the three antennas, 
the antenna group c has the two antennas, and the 
antenna group d has the two antennas. Those 
antenna groups are arranged in the four locations 
within the cover area of the base station. The 
antennas in each antenna group are concentrically 
arranged in the associated location so as to be 
enough separated to obtain the independent fading 
transmission lines. The distances among the an- 
tenna groups are sufficiently larger than those 
among the antennas in each antenna group. 

In the case where those antennas are arranged 
in a manner as shown in Fig. 10, since the dis- 
tances La, Lb, Lc and Ld between the mobile 
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station and the antenna groups a, b, c and d are 
largely different from one another. Ihe change 
caused by distance becomes the predominant fac- 
tor in the difference in the reception levels among 
5 the antenna groups. Therefore, in accordance with 
the position of the mobile station, the antenna 
group by which the transmission/reception is to be 
performed is substantially determined. In this case, 
since the communication radio waves of other sta- 

10 tions which are transmitted/received by the anten- 
nas of other antenna groups are largely attenuated 
as the distances further increase, as compared with 
the communication radio wave of the local station, 
it is difficult for those communication radio waves 

75 of other stations to interfere with the communica- 
tion radio wave of the local station. That is, the 
cause of the interference is substantially limited to 
the communication radio waves of other stations 
which are transmitted/received by the same an- 

20 tenna group. In such a way. if the antenna groups 
are widely distributively arranged in the cover area 
of the base station, from the randomicity of the 
positions of the mobile stations, the number of 
mobile stations for which the transmission/reception 

25 by the individual antenna groups is predominant 
become equal to one another in terms of probabil- 
ities. That is, as compared with the case where the 
number of antenna groups is one, in the case 
where the number of antenna groups is three, the 

30 number of mobile stations for which the transmis- 
sion/reception by the same antenna group is pre- 
dominant is reduced to 1/3, and the number of 
communication radio waves of other stations other 
than the local station, which cause the interference, 

35 is approximately reduced to 1/3. Thus, the interfer- 
ence Is greatly reduced. 

On the other hand, the distances between the 
mobile station and the individual antennas in the 
same antenna group are not largely different from 

40 one another. Since there is not the large difference 
in the environment such as the communication 
lines, and the instantaneous change becomes the 
predominant factor in the fluctuations in the recep- 
tion level, for the long term average, there is no 

45 difference in reception level between the antennas. 
Therefore, even if in the communication with the 
mobile station for which the transmission/reception 
by the antenna group d for example becomes 
predominant, the reception level of the antenna A 

50 is instantaneously dropped, the possibility is high 
that the higher reception level is obtained in the 
antenna B or C, and hence in the antenna of 
interest, the good reception is obtained. This is 
also applied to the case where the reception level 

55 of the antenna B or C is dropped. Thus, the pos- 
sibility is small that the reception levels of all of the 
three antennas are dropped. Therefore, if the an- 
tenna having the higher reception level is selected 
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to perform the transmission/reception, the commu- 
nication at the higli reception level can be always 
performed. In addition, by increasing the number of 
antennas, the possibility is more and more reduced 
that the reception levels of all of the antennas are 5 
dropped, and hence the fluctuation in the reception 
level after selection of the antenna becomes small. 

The effect that the communication quality is 
improved by stabilizing the transmission/reception 
level is remarkable on the reception side (in the io 
reverse link in the base station). On the other hand, 
the effect that the communication quality is im- 
proved by reducing the interference is remarkable 
on the transmission side (in the forward link in the 
base station). That is, there is provided the effect 75 
that the high quality communication in which the bit 
error rate is low in both of the reverse link and the 
forward link becomes possible. 

(Sixth Embodiment) 20 

Fig. 1 1 shows a configuration of a base station 
of a mobile telecommunication system according to 
a sixth embodiment of the present invention, and 
also shows an example in which the base station 25 
includes two antennas and two channels a and b. 
In Fig. 11, reference numeral 101 designates a first 
antenna (an antenna A), reference numeral 201 
designates a second antenna (an antenna B), refer- 
ence numeral 102 designates a first transmis- 30 
sion/reception switching switch for the first antenna 
101, reference numeral 202 designates a second 
transmission/reception switching switch for the sec- 
ond antenna 201, reference numeral 103 desig- 
nates a first radio receiving unit for the first antenna 35 
101, and reference numeral 203 designates a sec- 
ond radio receiving unit for the second antenna 
201. Reference numeral 105 designates a first de- 
spreading circuit for the first antenna 101. and 
reference numeral 205 designates a second de- 40 
spreading circuit for the second antenna 201. In 
this connection, each of the first and second de- 
spreading circuits 105 and 205 operates to subject 
a received data to the despread using spreading 
codes a and ^. Reference numeral 307 designates 45 
a first estimation circuit which operates to estimate 
future values from past values of the correlation 
levels (the power levels of received signals), of the 
first channel a, which have been obtained by the 
despread in the first and second despreading cir- 50 
cuits 105 and 205 using the spreading code a, and 
reference numeral 407 designates a second es- 
timation circuit which operates to estimate future 
values from past values of the correlation levels, of 
the second channel b, which have been obtained 55 
by the despread in the first and second despread- 
ing circuits 105 and 205 using the spreading code 
)S. Reference numeral 301 designates a first com- 



parison circuit for the first channel a which op- 
erates to compare the estimated values of the 
correlation levels, which have been obtained from 
the first estimation circuit 307. between the first 
and second antennas 101 and 201, and reference 
numeral 401 designates a second comparison cir- 
cuit for the second channel b which operates to 
compare the estimated values of the correlation 
levels, which have been obtained from the second 
estimation circuit 407, between the first and second 
antennas 101 and 201. Reference numeral 302 
designates a first composition circuit which op- 
erates to compose the received signals of the first 
channel a which have been obtained by the de- 
spread in the first and second despreading circuits 
105 and 205 using the spreading code a, reference 
numeral 402 designates a second composition cir- 
cuit which operates to compose the received sig- 
nals of the second channel b which have been 
obtained by the despread in the first and second 
despreading circuits 105, and 205 using the spread- 
ing code reference numeral 303 designates a 
first decode circuit for the first channel a which 
operates to decode the composite signal which has 
been obtained by composing the received signals 
in the first composition circuit 302, and reference 
numeral 403 designates a second decode circuit 
for the channel b which operates to decode the 
composite signal which has been obtained by com- 
posing the received signals in the second composi- 
tion circuit 402. In addition, reference numeral 502 
designates a comparison circuits controlling circuit 
which operates to be responsive to first and sec- 
ond transmission antenna selection signals 306 and 
406, which have been output from the first and 
second comparison circuits 301 and 401, respec- 
tively, to control the operations of the first and 
second comparison circuits 301 and 401. 

Reference numeral 304 designates a first 
spreading circuit which operates to spread a trans- 
mission data of the first channel a using the 
spreading code a, reference numeral 404 desig- 
nates a second spreading circuit which operates to 
spread a transmission data of the second channel 
b using the spreading code )3, reference numeral 
305 designates a first transmission antenna select- 
ing circuit for the first channel a which operates to 
determine from which antenna the transmission 
signal, which has been obtained by the spread in 
the first spreading circuit 304, is to be transmitted, 
and reference numeral 405 designates a second 
transmission antenna selecting circuit for the sec- 
ond channel b which operates to determine from 
which antenna the transmission signal, which has 
been obtained by the spread in the second spread- 
ing circuit 404, is to be transmitted. Reference 
numeral 106 designates a first multiplexing circuit 
which operates to multiplex the spread transmis- 
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sion signals with respect to the first antenna 101, 
reference numeral 206 designates a second mul- 
tiplexing circuit which operates to multiplex the 
spread transmission signals with respect to the 
second antenna 201, and reference numeral 104 5 
designates a first radio transmission unit for the 
first antenna 101 which has a first quadrature 
modulator 107 and a first linear amplifier 108. Ref- 
erence numeral 204 designates a second radio 
transmission unit for the second antenna 201 which 10 
has a second quadrature modulator 207 and a 
second linear amplifier 208. In addition, reference 
numeral 501 designates a transmission/reception 
switching timing signal which is used to operate the 
first and second transmission/reception switching 75 
switches 102 and 202. 

Next, the description will hereinbelow be given 
with respect to the operation of the above-men- 
tioned sixth embodiment. 

The received signals which have been received 20 
by the first and second antennas 101 and 201, 
respectively, are subjected to the first order de- 
modulation in the first and second radio receiving 
units 103 and 203 through the first and second 
transmission/reception switching switches 102 and 25 
202. Then, after the down-conversion and the de- 
tection, the correlations of the first and second 
channels a and b are detected by each of the first 
and second despreading circuits 105 and 205. With 
respect to the correlation detection results which 30 
have: been obtained from the two antennas 101 and 
201 independently of each other, the frame mean 
powers of the correlation levels (the power levels of 
the received signals) are calculated every channel 
in the first and second estimation circuits 307 and 35 
407. On the basis of those results, the transmission 
line states (the transfer functions of the transmis- 
sion lines) of the first and second antennas 101 
and 201 are obtained to estimate the future values 
from the past values, and the estimated future 40 
values are compared with each other by each of 
the first and second comparison circuits 301 and 
401, and then it is determined, by the instruction 
issued from the comparison circuits controlling cir- 
cuit 502, from which of the first and second anten- 45 
nas 101 and 201 the signal of each channel is to 
be transmitted outwardly at the next transmission 
timing, and then first and second transmission an- 
tenna selection signals 306 and 406 are respec- 
tively output. The first and second transmission 50 
antenna selection signals 306 and 405 are fedback 
to the comparison circuits controlling circuit 502 
which is responsive to the first and second trans- 
mission antenna selection signals 306 and 406 to 
determine whether or not the transmission antenna 55 
is selected over again to issue the instruction to 
both of the first and second comparison circuits 
301 and 401. The received signals which have 
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been passed through the first and second compari- 
son circuits 301 and 401, respectively, are com- 
posed in the first and second composition circuits 
302 and 402 to be decoded in the first and second 
decode circuits 303 and 403 of the respective 
channels, thereby obtaining the reception data of 
the individual channels. 

On the other hand, the transmission data of the 
first channel a and the transmission data of the 
second channel b (the signals after the digital mod- 
ulation) are respectively subjected to the band 
spread in the first and second spreading circuits 
304 and 404 using the spreading codes a and ^, 
which are assigned to the respective channels, and 
then are multiplexed every transmission antenna in 
the first and second multiplexing circuits 106 and 
206 through the first and second transmission an- 
tenna selecting circuits 305 and 405 which are 
switched to each other by the first and second 
transmission antenna selection signals 306 and 
406. The multiplexed signals are respectively up- 
converted in the first and second radio transmis- 
sion units 104 and 204, and then are respectively 
transmitted outwardly from the first and second 
antennas 101 and 201 through the first and second 
transmission/reception switching switches 102 and 
202 which are switched to each other by the trans- 
mission/reception switching timing signal 501 . 

The operation for switching the antenna in the 
CDMA/TDD system of the present embodiment is 
the same as that shown in Fig. 7. In the case 
where at time tO, the levels of the received signals 
of the individual channels (the averages or the like 
of the levels of the received signals for one frame) 
have the relationship, as shown in Fig. 7, with 
respect to the antennas A and B, and are es- 
timated, at next time t1, as shown in Fig. 7, when 
at next time t1, the transmission is performed, the 
individual channels select the antennas each hav- 
ing the higher reception level independently of one 
another to transmit therefrom outwardly the asso- 
ciated signals. This algorithm is shown in Fig. 12. 

In Fig. 12, firstly, the antenna from which the 
signal of the channel 1 is to be transmitted out- 
wardly is selected (Step 901), and next the antenna 
from which the signal of the channel 2 is to be 
transmitted outwardly is selected (Step 902), and 
next the antenna from which the signal of the 
channel 3 is to be transmitted outwardly is selected 
(Step 903), and finally, the antenna from which the 
signal of the channel 4 is to be transmitted out- 
wardly is selected (Step 904). Those antennas are 
selected perfectly independently of one another, 
and from which antennas the signals of other chan- 
nels are to be transmitted outwardly does not exert 
no influence on the selection of the transmission 
antenna of each channel. In Fig. 7, reference sym- 
bol of the selected antenna is shown. In this con- 
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nection, it is shown at time tl that each of the 
channels 1 and 3 selects the antenna A and each 
ot the channels 2 and 4 selects the antenna B, and 
then after the signals of the channel 1 and the 
signal of the channel 3 have been multiplexed, the 
resultant signal is transmitted outwardly from the 
antenna A, and also after the signal of the channel 
2 and the signal of the channel 4 have been 
multiplexed, the resultant signal is transmitted out- 
wardly from the antenna B. At time t3 as well, on 
the basis of the reception levels at time t2 and 
those at time prior thereto, the transmission line 
states at time t3 are estimated, and the transmis- 
sion antenna is selected every channel and the 
multiplexing is performed every antenna, and then 
the resultant signals are transmitted outwardly from 
the associated antennas. At time t5 as well, simi- 
larly, the above-mentioned processings will be ex- 
ecuted. 

From the randomicity of the positions of the 
mobile stations and the independency of the fading 
of the transmission lines between the antennas, 
even by such a simple transmission antennas se- 
lecting algorithm, the selected transmission anten- 
nas for the individual channels are not concen- 
trated, in terms of probabilities, on a part of the 
antennas, but are distributed to the individual an- 
tennas. That is. there is provided the effect that 
without the complicated control, the transmission 
antennas are distributed to the individual antennas 
to reduce the number of channels the signals of 
which are multiplexed in one antenna, and as a 
result the performance can be reduced which is 
required for the first and second quadrature 
modulators 107 and 207, and the first and second 
linear amplifiers 108 and 208 of the first and sec- 
ond radio transmission units 104 and 204. 

(Seventh Embodiment) 

A configuration of a base station of a mobile 
telecommunication system according to the 
present embodiment is the same as that in the 
sixth embodiment. Fig. 13 shows an example in 
which the situation, in which in the CDMA/TDD 
system of the present embodiment, the base sta- 
tion having two antennas A and B switches the 
transmission antenna every channel in accordance 
with the levels of the received signals, is shown by 
using the transmission/reception frame, and also 
shows an example in the case where four channels 
are provided. In this connection, similarly to Fig. 5, 
reference symbol TX represents transmission and 
reference symbol RX represents reception, and it is 
assumed that the mobile terminals PSi to PS4 
(referring to Fig. 1) perform the respective commu- 
nication using the channels 1 to 4. In the case 
where at time tO, the levels of the received signals 
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of the channels (the averages or the like of the 
levels of the received signals for one frame) have 
the relationship, as shown in Fig. 13, with respect 
to the antennas A and B, and then are estimated, 
5 at next time tl , as shown in Fig. 13, when at next 
time tl, the transmission is performed, the individ- 
ual channels select the respective antennas each 
having the higher estimated value of the reception 
level independently of one another to transmit 

10 therefrom outwardly the associated signals. This 
algorithm is shown in Fig, 14. 

In Fig. 14, firstly, the relation of X = 100 is set. 
Then, out of the antenna having the highest recep- 
tion level and the antenna having the second high- 

76 est reception level, the antenna having the highest 
reception level is selected at a probability of X%, 
and the antenna having the second highest recep- 
tion level is selected at a probability of (100- X)% 
(Step 1101). First, the antenna from which the 

20 signal of the channel 1 is to be transmitted out- 
wardly is selected (Step 1102), and next the an- 
tenna from which the signal of the channel 2 is to 
be transmitted outwardly is selected (Step 1103), 
and next the antenna from which the signal of the 

25 channel 3 is to be transmitted outwardly is selected 
(Step 1104), and finally, the antenna from which the 
signal of the channel 4 is to be transmitted out- 
wardly is selected (Step 1105). Then, it is checked 
whether or not the antennas from which the signals 

30 of the individual channels are to be transmitted 
outwardly are concentrated on a part of the anten- 
nas (e.g., one antenna)(Step 1106). Then, if not. the 
processing of selecting the transmission antennas 
is completed. On the other hand, if so. the value of 

35 X is gradually decreased (Step 1107) and the 
transmission antennas for the individual channels 
are selected over again in accordance with the 
above-mentioned algorithm. In Fig. 13, reference 
symbol of the selected antenna is shown. In addi- 

40 tion, it is shown at time tl that each of the channels 
1 and 3 selects the antenna A and each of the 
channels 2 and 4 selects the antenna B, and that 
after the signal of the channel 1 and the signal of 
the channel 3 have been multiplexed, the resultant 

45 signal is transmitted outwardly from the antenna A, 
and also after the signal of the channel 2 and the 
signal of the channel 4 have been multiplexed, the 
resultant signal is transmitted outwardly from the 
antenna B. Then, it is shown at time t3 that each of 

50 the channels 1 , 2 and 3 selects the antenna A and 
only the channel 4 selects the antenna B, and that 
after the signal of the channel 1, the signal of the 
channel 2 and the signal of the channel 3 have 
been multiplexed, the resultant signal is transmitted 

65 outwardly from the antenna A, and also the signal 
of the channel 4 is transmitted outwardly from the 
antenna B (after the multiplexing). Then, at time t5, 
since for each of all of the channels, the antenna A 
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has the larger estimated value than that of the 
antenna B, in the first selection at a probability of 
X= 100, all of the channels select the antenna A, 
and hence the transmission antennas therefor con- 
centrate on one antenna. As a result of decreasing 
slightly the value of X to perform the selection over 
again, it is shown that the channel 4 selects the 
antenna B. 

From the randomicity of the positions of the 
mobile stations and the independency of the fading 
of the transmission lines between the antennas, 
even in the selection at a probability of X=100%. 
though small in terms of probabilities, the selected 
transmission antennas for the associated channels 
may concentrate on one of the antennas in some 
cases. In such cases, there is provided the effect 
that even if the channel(s) selecting the antenna(s), 
in which the reception level is not maximum, may 
be more or less present, by selecting the antennas 
over again, the transmission antennas are distrib- 
uted to the individual antennas so that the number 
of channels the signals of which are multiplexed 
can be reduced, and also the performance can be 
reduced which is required for the first and second 
quadrature modulators 107 and 207 and the first 
and second linear amplifiers 108 and 208 of the 
first and second radio transmission units 104 and 
204 in the base station. 

(Eighth Embodiment) 

A configuration of a base station of a mobile 
telecommunication system according to the 
present embodiment is the same as that in the 
sixth embodiment. But, an example is considered 
in which the total number of accommodation chan- 
nels within the cover area of the base station is 
four (L = 4). As for the performance of the first and 
second quadrature modulators 107 and 207 and 
the first and second linear amplifiers 108 and 208 
of the first and second radio transmission units 104 
and 204, the radio transmission unit for one an- 
tenna has the transmission capability up to two 
channels (M=2). Fig. 15 is an example in which in 
the CDMA/TDD system, the situation, in which the 
base station having the two antennas A and B 
switches the transmission antenna every channel in 
accordance with the levels of the received signals, 
is shown by using the transmission/reception 
frame, and also shows an example in which the 
four channels are provided. In this connection, 
similarly to Fig. 5, reference symbol TX represents 
transmission and reference symbol RX represents 
reception, and also it is assumed that the mobile 
terminals PS1 to PS4 (referring to Fig. 1) perform 
the respective communication using the channels 1 
to 4. In the case where at time tO, the levels of the 
received signals of the channels (the averages or 



the like of the levels of the received signals for one 
frame) have the relationship, as shown in Fig. 15, 
with respect to the antennas A and B, and then are 
^eslimated, at next lime t1, as shown in Fig. 15, 
5 when at next time t1, the transmission is per- 
formed, the individual channels select the respec- 
tive antennas each having the higher estimated 
value of the reception level independently of one 
another to transmit therefrom outwardly the asso- 

10 ciated signals. This algorithm is shown in Fig. 16. 

In Fig. 16. firstly, the relation of X = 100 is set. 
Then, out of the antenna having the highest recep- 
tion level and the antenna having the second high- 
est reception level, the antenna having the highest 

75 reception level is selected at a probability of X%, 
and the antenna having the second highest recep- 
tion level is selected at a probability of (100- X)% 
(Step 1301). First, the antenna from which the 
signal of the channel 1 is to be transmitted out- 

20 wardly is selected (Step 1302), and next the an- 
tenna from which the signal of the channel 2 is to 
be transmitted outwardly is selected (Step 1303), 
and next the antenna from which the signal of the 
channel 3 is to be transmitted outwardly is selected 

25 (Step 1304), and finally, the antenna from which the 
signal of the channel 4 is to be transmitted out- 
wardly is selected (Step 1305). Then, it is checked 
whether or not the antenna which has been se- 
lected as the transmission antenna by three or 

30 more channels is present (Step 1306). If not, the 
processing of selecting the transmission antennas 
is completed. On the other hand, if so, the value of 
X is gradually decreased (Step 1307), and then the 
transmission antennas for the individual channels 

35 are selected over again until such an antenna be- 
comes absent. In Fig. 15. reference symbol of the 
selected antenna is shown. In addition, it is shown 
at time t1 that each of the channels 1 and 3 selects 
the antenna A and each of the channels 2 and 4 

40 selects the antenna B, and that after the signal of 
the channel 1 and the signal of the channel 3 have 
been multiplexed, the resultant signal is transmitted 
outwardly from the antenna A, and also after the 
signal of the channel 2 and the signal of the 

45 channel 4 have been multiplexed, the resultant 
signal is transmitted outwardly from the antenna B. 
Since at time t3, for the channels 1, 2 and 3, the 
antenna A has the larger estimated value than that 
of the antenna B. and for the channel 4. the an- 

50 tenna B has the larger estimated value than that of 
the antenna A, in the first selection at a probability 
of X = 100, each of the channels 1, 2 and 3 selects 
the antenna A, and also the channel 4 selects the 
antenna B. Thus, the three channels concentrate on 

55 the antenna A. As a result of decreasing slightly 
the value of X to perform the selection over again, 
it is shown that the channel 2 selects the antenna 
B. Then, at time t5, since for each of all of the 
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channels, the antenna A has the larger estimated 
value than that of the antenna B, In the first selec- 
tion at a probability of X=100, all of the channels 
select the antenna A, and hence the transmission 
antennas therefor concentrate on one antenna. As a 
result of decreasing slightly the value of X to per- 
form the selection over again, it is shown that the 
channels 3 and 4 select the antenna B. 

From the randomicity of the positions of the 
mobile stations and the independency of the fading 
of the transmission lines between antennas, even in 
the first selection at a probability of X = 100, the 
selected transmission antennas for the associated 
channels are not concentrated, in terms of prob- 
abilities, on one of the antennas, but are distributed 
to the individual antennas. But, though small in 
terms of probabilities, the selected transmission 
antennas for the associated channels may be con- 
centrated on one of the antennas in some cases. In 
such cases, even if the channels may be more or 
less present which select the antenna(s) in which 
the reception level is not maximum, when the an- 
tennas are selected over again so that the trans- 
mission antennas are distributed to the individual 
antennas, the system can suppress more effec- 
tively the interference. In addition, there is provided 
the effect that even in the case where the perfor- 
mance of the first or second quadrature modulator 

107 or 207 and the first or second linear amplifier 

108 or 208 of the first or second radio transmission 
unit 108 or 208 for one antenna in the base station 
is inferior to the mobile station accommodation 
capability of the whole base station, by distributing 
the transmission antennas to the individual anten- 
nas to decrease the number of channels the sig- 
nals of which are multiplexed, the system can be 
readily configured. 

Claims 

1. A mobile telecommunication system for per- 
forming communication by utilizing a 
CDMA/TDD system, characterized by a base 
station comprising: 

a plurality of antennas (101, 201); 

despreading means (105, 205) for subject- 
ing signals, which are received by said anten- 
nas, to despread every channel; 

comparison circuits (301, 401) each of 
which serve to compare correlation levels, 
which are obtained by said despreading 
means, with each other with respect to said 
antennas every channel and to determine from 
which antenna a signal is to be transmitted 
outwardly; 

spreading means (304, 404) for spreading 
a transmission data every channel in transmis- 
sion; 
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transmission antenna selecting means 
(305, 405) for selecting, on the basis of an 
output signal from each of said comparison 
circuits, every channel, an antenna from which 
5 a transmission signal, which is obtained by the 

spread in said spreading means, is to be trans- 
mitted outwardly; and 

multiplexing means (106, 206) for multi- 
plexing the transmission signals of the asso- 
70 ciated channels, which are obtained by the 

spread, every antenna. 

2. A system according to Claim 1, characterized 
in that said base station further comprises 

15 means (302, 402) for composing the correla- 

tion levels of said antennas, which are obtained 
by the despread, every channel. 

3. A system according to Claim 1 or 2, character- 
20 ized in that said base station further comprises 

means (307. 407) for estimating, from changes 
in past values of the correlation levels of said 
antennas which are obtained by the despread, 
future values of the correlation levels every 
25 channel. 

4. A system according to one of Claims 1 to 3, 
characterized in that all of said plurality of 
antennas of said base station are concentri- 

30 cally arranged in a central portion of a cover 

area of said base station. 

5. A system according to one of Claims 1 to 3, 
characterized in that said plurality of antennas 

35 of said base station are distributively arranged 

in a plurality of locations within a cover area of 
said base station. 

6. A system according to one of Claims 1 to 3, 
40 characterized in that said plurality of antennas 

of said base station are divided into a plurality 
of antenna groups, and the plurality of anten- 
nas in each of said antenna groups are con- 
centrically arranged, and also said antenna 
45 groups are distributively arranged in a plurality 

of locations within a cover area of said base 
station. 

7. A system according to one of Claims 1 to 6, 
50 characterized in that in said transmission an- 
tenna selecting means, the individual channels 
select the associated antennas independently 
of one another. 

55 8. A system according to one of Claims 1 to 6, 
characterized in that said transmission antenna 
selecting means adjusts the antennas to be 
selected among the channels so as for the 
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antennas to be selected not to be concentrated 
on a part of said antennas. 

9. A system according to one of Clainns 1 to 6, 
characterized in that: 

said multiplexing means includes a mul- 
tiplexing capability corresponding to number of 
channels which does not exceed a smaller 
constant (M) than total number of channels (L) 
within a cover area of said base station; 

said base station further comprises radio 
transmission/reception means provided every 
antenna which includes an amplification capa- 
bility corresponding to the number of channels 
which does not exceed said constant (M); and 

said transmission antenna selecting means 
adjusts the antennas to be selected among the 
channels so as for the number of channels 
each selecting any one of the antennas not to 
exceed said constant (M). 

10. A system according to one of Claims 1 to 9. 
characterized in that said base station further 
comprises transmission/reception switching 
means (102, 202) for switching transmis- 25 
sion/reception every antenna. 

11. A mobile telecommunication system for per- 
forming communication utilizing a CDMA/TDD 
system adopting a direct spread method, char- 
acterized by a base station comprising: 

a plurality of antennas (101, 201) 

radio transmission/reception means (103, 
104, 203, 204) provided every antenna; 

despreading means (105, 205) for subject- 
ing received signals, which are received by 
said antennas, to despread every channel; 

comparison means (301, 401) for compar- 
ing correlation levels, which are obtained by 
the despread, with respect to said antennas 
every channel; 

decode means (303, 403) for decoding the 
received signals; 

spreading means (304, 404) for spreading 
a transmission data every channel in transmis- 
sion; 

transmission antenna selecting means 
(305, 405) for selecting an antenna from which 
a transmission signal, which is obtained by the 
spread in said spreading means, is to be trans- 
mitted outwardly every channel; and 

multiplexing means (106, 206) for multi- 
plexing the transmission signals of the asso- 
ciated channels, which are obtained by the 
spread, every antenna. 

12. A system according to Claim 11, characterized 
in that said base station further comprises 



means (302, 402) for composing the correla- 
tion levels of said antennas, which are obtained 
by the despread, every channel. 



16. A system according to one of Claims 11 to 13, 
characterized in that said plurality of antennas 
of said base station are divided into a plurality 
of antenna groups, and the plurality of anten- 
nas in each of said antenna groups are con- 



30 centrically arranged, and also said antenna 

groups are distributively arranged in a plurality 
of locations within a cover area of said base 
station. 

35 17. A system according to one of Claims 11 to 16, 
characterized in that in said transmission an- 
tenna selecting means, the individual channels 
select the associated antennas independently 
of one another. 

40 

18. A system according to one of Claims 11 to 16, 
characterized in that said transmission antenna 
selecting means adjusts the antennas to be 
selected among the channels so as for the 

46 antennas to be selected not to be concentrated 

on a part of said antennas. 

19. A system according to one of Claims 11 to 16, 
characterized in that: 

50 said multiplexing means includes a mul- 

tiplexing capability corresponding to number of 
channels which does not exceed a smaller 
constant (M) than total number of channels (L) 
within a cover area of said base station; 
65 said radio transmission/reception means 

includes an amplification capability corre- 
sponding to the number of channels which 
does not exceed said constant (M); and 



5 13. A system according to Claim 11 or 12 char- 
acterized in that said base station further com- 
prises means (307, 407) for estimating, from 
changes in past values of the correlation levels 
of said antennas which are obtained by the 
10 despread, future values of the correlation lev- 

els every channel. 

14. A system according to one of Claims 11 to 13. 
characterized in that all of said plurality of 

75 antennas of said base station are concentri- 

cally arranged in a central portion of a cover 
area of said base station. 

15. A system according to one of Claims 11 to 13, 
20 characterized in that said plurality of antennas 

of said base station are distributively arranged 
in a plurality of locations within a cover area of 
said base station. 
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said transmission antenna selecting means 
adjusts the antennas to be selected among the 
channels so as tor the number of channels 
each selecting any one of the antennas not to 
exceed said constant (M). 5 

20. A system according to one of Claims 11 to 19, 
characterized in that said base station further 
comprises transmission/reception switching 
means (102, 202) for switching transmis- io 
sion/reception every antenna. 
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FIG. 14 
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